Introduction
At the CERN ISR the luminosity and background conditions are monitored in the intersection regions by means of simple scintillation counter hodoscopes. The information from the counters is used to optimise machine conditions for the various physics experiments. The many factors influencing the accuracy of luminosity monitoring at the ISR have been investigated and the results are described.
Hardware and data handling
All eight ISR intersections are equipped with a standard detector system consisting of eight scintillation counters, two In particular in two intersections equipped with low-B insertions the downstream telescopes accept large-angle secondaries outside the insertion quadrupoles.
The scintillation counters (25cm x 20cm x 0.6cm), which are equipped with light diodes for test purposes, feed signals to NIM electronics in four auxiliary buildings, but high voltages and the light diode system can be controlled from the main control room (SRC). This allows the counters to be switched off during machine operations likely to produce excessive particle rates.
The fast logic ( Figure 2) 
Background monitoring
Apart from the injection optimisation and filling processes giving rise to direct particle losses and induced radioactivity, a major problem is the control, the measurement and hence the limitation of background in the intersections during physics data taking.
The protons of a coasting beam experience nuclear scattering on the residual gas 1, giving rise to particle current losses all around the ring. At the ISR, with an average gauge pressure of 3 x 10-12 torr and currents of 30 Amps (6 x 1014 circulating protons), the average losses per metre are 3.5 x 102 protons per second. For the straight section upstream of an intersection, this corresponds to less than 1 per cent of the beam-beam rate.
More important is the flux of protons scattered out from the beam halo hitting aperture limitations. This halo develops from transverse beam blow up processes during the run and is due to intra beam scattering 2, to multiple scattering on residual gas and to particle motion disturbances created by magnetic field instabilities and resonances. At the ISR, the residual gas pressure is so low that with a correctly tuned machine, the main contribution comes from intra beam scattering. The beam height increases at a rate of about 10-2 per hour with 30 A beams, which is in good agreement with the calculated rate due to intra-beam scattering alone.
In order to avoid scattered protons reaching the sensitive high energy physics detectors, the beam aperture is limited by a set of movable collimators which concentrate the losses in the beam dump region. The aperture is defined in both the horizontal and vertical planes by primary collimator blocks. Secondary collimators are placed downstream at r/2, and 3ir/2 betatron phase advance, in order to intercept the particles scattered from these blocks. After filling and before physics data-taking periods, the beams are vertically steered in each intersection under computer control to obtain maximum luminosity.
The beams are displaced in 0.5 mm steps ( AZ) in all intersections simultaneously using horizontal field magnet adjustments (Section 6). For each step, the beam-beam rate in each intersection, RM (AZ) is measured. The integration time is automatically adjusted in such a way that the statistical error is less than 5 %. The two first steps indicate the relative position of the beams and the directions of the movements are reversed if necessary to go in the right direction. When the maximum RM has been passed, parabola fits are performed on the three last steps to define the position in each intersection where RM is a maximum. The approximation of fast parabola fits of gaussians is accurate enough to achieve optimum positions within i 0. (1) and (2) For high intensity physics runs, the stacks extend over the full aperture of the ISR and the rates RM depend on the vertex positions inside the interaction diamond. The p-p elastic events, whose collinearity gives rise to a strong geometrical dependence in the monitor acceptance, must be avoided. Measurements made with small stacks at various radial positions, with the reference monitor placed at a small angle in the forward direction, have shown that -M varies by up to 20 % at 11.8 GeV/c when accepting all elastic and inelastic events. Selecting the inelastic events only, limits the vertex dependence of the aM's. The radial dependence measurements performed with the reference and the standard monitors give variations of 1 to 5 % for oM'S when measured for inner and outer stacks compared to those obtained for centred stacks. The am dependences over the vertical diamond displacements vary from 0.5 to 3 % per millimetre. Generally, the radial and vertical GM dependences can be reduced by using large area scintillators accepting beam-beam scattered particles at not too small angles.
The rather large acceptance variations of the standard monitos are due to the fact that small size scintillators are used in places where they do not interfere with the large high energy physics detectors. Consequently, for high intensity stacks, the luminosity monitoring with the standard monitors is not better than a few per cent. 
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These displacements are made by exciting four horizontal field magnets placed symmetrically about the intersection region. Two of these magnets at around af/2 from the crossing point are used to make an approximately local closed orbit distortion while the similar magnets for adjacent regions are used as correction elements to ensure that the orbit distortion is as perfectly local as possible. As there is no nondestructive method of measuring the vertical position of the DC ISR beam to sufficient accuracy, the currents in these four magnets are used to define the beam displacement.
Errors can arise from a number of sources
1)
Calculation errors in determining the field required to obtain a beam displacement. This calculation requires an exact knowledge of vertical a values and relative phases.
2)
Setting errors in the current through each of the four magnets.
3) Errors in the magnetic measurements used to establish the relationship between current and magnetic field.
4)
Magnetic hysteresis which makes the relationship between current and magnetic field dependent upon the recent history of the magnet.
All these sources of error have been carefully investigated and checked by calibrating the beam displacements using a scraper driven by a high precision screw 6. The method is destructive and hence is only capable of measuring the vertical position of successive pulses but an accuracy of better than t 10 gim has been consistently obtained. Early results showed that the effects of magnetic hysteresis are appreciable, non-reproducible errors of up to 0.08 mm can occur in displacements of a few millimetres. A correction procedure has been established based on a model of the hysteresis loop 7.
The success of this correction is illustrated in Figure 5, Using the smallest possible limits on power supply setting errors, a hysteresis correction and very careful control of all other relevant machine parameters it is expected that in the future it will be possible to maintain the errors in the beam displacement scale to less than * 0.5 % for individual luminosity calibrations. This is particularly important for the ISR experiments currently engaged in measuring the pp total cross section and the pp-pp total cross section difference. To this end precision scrapers are being used to verify the beam displacements in the same intersection region and machine conditions as the total cross-section measurements.
